Bacterially-synthesized D. melanogaster His 6 -tagged NAP1 ('NAP1') was purified essentially as described (Lusser et al., 2005) , except that a P11 phosphocellulose (Whatman) cation exchange chromatography step was added prior to the final Source 15Q (GE Healthcare) anion exchange chromatography. D. melanogaster ACF and topoisomerase I (ND423 N-terminally truncated form containing the catalytic domain) were purified as described (Fyodorov and Kadonaga, 2003) . Native D. melanogaster core histones were purified from embryos (Fyodorov and Levenstein, 2002) . Recombinant H3-H4 tetramers were synthesized and purified as described (Levenstein and Kadonaga 2002) . Native D. melanogaster H2A-H2B dimers were purified from embryos that were collected from 0 to 12 hours after egg deposition. Chromatin was isolated from embryos as described (Fyodorov and Levenstein, 2002) , and H2A-H2B dimers were from purified by the method of Simon and Felsenfeld (1979) followed by an additional SOURCE 15S (GE Healthcare) cation exchange chromatography step.
NAP1 Depletion Experiments
Histone-DNA complexes were formed by combining NAP1 (2.8 µg; His 6 -tagged NAP1), core histones (0.71 µg), and relaxed circular plasmid DNA (0.59 µg) in a total volume of 100 µL. As a control, the same amounts of NAP1 and core histones were combined in the absence of DNA. The mixtures were each incubated in parallel with Ni-NTA agarose (10 µL; Qiagen) for 1 h at 4˚C, and the beads were pelleted by microcentrifugation for 15 sec. Proteins in the supernatant and pellet fractions were precipitated with trichloroacetic acid and analyzed by western blot analysis with antibodies against histones H2A-H2B (J. Kadonaga, unpublished) and HisProbe-HRP (Pierce). The DNA in the supernatant and pellet fractions was purified, subjected to agarose gel electrophoresis, and detected by staining with ethidium bromide. Chromatin was assembled from the histone-DNA complexes in the NAP1-depleted supernatant by combining the supernatant (50 µL, containing histones and DNA) with ACF (6 nM), topoisomerase I (1 nM), ATP (3 mM), and ATP regeneration system (3 mM phosphoenolpyruvate, 15 U/mL pyruvate kinase) in a final volume of 70 µL, and incubating the reactions at 27˚C for the indicated times. The mock-depleted samples were treated in parallel in the absence of Ni-NTA agarose beads. The reaction products were analyzed by DNA supercoiling and micrococcal nuclease digestion assays.
Chromatin Assembly with Histone H1
Native histone H1 was purified from Drosophila melanogaster embryos by using the method of Croston et al. (1991) . Chromatin assembly reactions with histone H1 were carried out as described previously (Fyorodov and Kadonaga, 2003) with 0.01% (v/v) Nonidet P-40 in the reaction medium. The extensive micrococcal nuclease digestion of chromatin to mononucleosome species (shown in Figure 4C ) was performed as follows. Each sample of chromatin (35 µL, from a standard chromatin assembly reaction) was combined with CaCl 2 (1.8 mM) and micrococcal nuclease (1.25, 2.5, or 5 units; Sigma) in a final volume of 48.75 µL. The digestion reactions were allowed to proceed for 1.0 min at at 22˚C. The reaction products were deproteinized and subjected to 3% agarose gel electrophoresis, and the resulting DNA fragments were visualized by staining with ethidium bromide.
Chromatin Assembly with H3-H4 Tetramers and H2A-2B Dimers
Chromatin assembly reactions in which histones were added as H3-H4 tetramers and H2A-H2B dimers contained H3-H4 (177 ng), H2A-H2B (177 ng), NAP1 (1.4 µg), ACF (5 nM), ATP (3 mM), topoisomerase I (0.56 nM), and an ATP regeneration system (3 mM phosphoenolpyruvate, 20 U/mL pyruvate kinase) in a final volume of 124 µL. Standard (one template) reactions contained one relaxed circular DNA plasmid (294 ng, pGIE-0), whereas template association (two template) reactions contained two different relaxed circular DNA plasmids (294 ng each of pGIE-0 and pJH187). H3-H4 and H2A-H2B were introduced to the reactions as H3-H4-NAP1 complexes and H2A-H2B-NAP1 complexes, which were formed by incubation of the histones with NAP1 on ice for 20 min. The order of addition of the components in each reaction is indicated on the figure. The buffer composition of the final reaction medium was as follows: 15.7 mM K-Hepes, pH 7.6, 0.88 mM Tris-HCl, 110 mM KCl, 1.65 mM NaCl, 5.63 mM MgCl 2 , 0.076 mM EDTA, 6.6% (v/v) glycerol, 1% (w/v) polyvinyl alcohol (average MW 10,000), 1% (w/v) polyethylene glycol 8000, 20 µg/mL bovine serum albumin, 11.3 µg/mL human insulin, and 0.011% Nonidet P-40. Reactions were incubated at 27ºC, and the products were analyzed with the DNA supercoiling assay (Fyodorov and Kadonaga, 2003) .
Atomic Force Microscopy
Atomic force microscopy was performed essentially as described by Bustamante et al. (1997) for the analysis of chromatin. Histone-DNA complexes and chromatin were prepared by using standard chromatin assembly conditions in the absence or presence of ACF. The DNA-containing species were purified with Chroma Spin 1000 columns (Clontech) that were equilibrated with TE buffer, diluted two-to four-fold in TE buffer, and then applied to a mica surface that was previously treated with 1 mM spermidine. The samples were incubated for 5 min, rinsed with deionized and distilled water, and dried by blowing with nitrogen gas. Images were obtained using a MultiMode SPM and Nanoscope IV controller (Digital Instruments Veeco Metrology Group) operating in tapping mode.
